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The Tropospheric Composition Program (TCP) seeks to improve the utility of satellite
measurements in understanding of global tropospheric ozone and aerosols, including their
precursors and transformation processes in the atmosphere. Ozone and aerosols are
fundamental to both air quality and climate.
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Details are tentative:

Dates: 25 July — 15 September 2019
Location: Salina, KS
Research Platform: NASA DC-8




FIREChem Timeline (dates are approximate)

1 February 2017 — White Paper Complete
14 February 2017 - Solicitation for Proposals Released
15 May 2017 — Proposals Due

September 2017 - Proposal Selections Announced

Note: The white paper defines the scientific scope of FIREChem needed to
enable science team selection and definition of the scientific payload.
Deployment details and sampling strategies, however, remain flexible in
response to new information and the realities of conditions encountered
during the deployment.



FIREChem Objectives

FIREChem flights will contribute to the planned interagency collaboration in three areas:

1 — Sampling of wildfires in coordination with interagency partners to understand near
vs far-field observations, chemical evolution, and transport to evaluate downwind

impacts.

Accomplishing this goal requires heavy coordination of flights with NOAA and potentially NSF with input and advice
from the Joint Fire Science Program. This goal takes priority when wildfires of sufficient size and regional impact are
active.

2 — Sampling of small to medium fires to build statistics on emission factors and fuels,
plume rise, satellite detection, and integrated impacts.

Accomplishing this goal requires liaison with state and local authorities to anticipate when and where to expect
burning.

3 — Sampling of prescribed burns in coordination with FASMEE

This objective provides the best chance for bridging laboratory and ambient conditions and takes priority when burns
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FIREChem Science Questions

1) What are the emissions of gases, aerosols, aerosol precursors, and greenhouse gases from North
American fires? How variable are these emissions due to fuel and fire conditions?

2) How does the composition of fire plumes change as primary species are converted to secondary
gas and aerosol tracers?

3) How is local air quality impacted by North American fires? How well do air quality forecast
models work when influenced by fire emissions?

4) What are the regional impacts of North American fires?

5) What are the climate-relevant properties of BB aerosols? What role does brown carbon and
coatings on black carbon particles play in the optical properties? What is the composition of PM?

6) How can satellite measurements help with #1-5? And how can we obtain better satellite
estimates of plume height and fire intensity (e.g., fire radiative power)?



Example: KORUS-AQ DC-8 Measurement Priorities

GasPhaselnSitu | Priority | Detection Limit | Resolution JMM nerosolinSitu | Priority | Detection Limit | Resolution
03 K 1 ppbv 1s 1 NA 10s
0 | 10 ppmv 1s ) NA 1s
1 5 ppbv 1s Scattering [ 1 Mm-1 1s
CH4 1 10 ppbv 1s 1 0.2 Mm-1 10s
1 0.1 ppm 1s Hyeroscopidty ] NA 10s
1 <10% 1 min 1 50 ng m 5 min
No 10 pptv 1s 1 100 ng m- 1 min
No2 [ 20 pptv 1s ) 50 ng m 1s
HCH 10 50 pptv 1s 2 100 ng m? 1 min
0.01/0.1/0.1pptv 30 2 <4 pm dia. 5 min
OH reactivity | 157 10 ) <4 um dia, 1s
_ 50 pptv 10s Cloud particle size dist. 2 0.05-1000 pum 1s
ROOH | 50 pptv 10's 3 1/100/1 fCi m™ 5 min
HNO3 ] 50 pptv 105
PANs 50 pptv 10 [Remote Sensing, Radiation, and Met | Priority | Detection Limit | Resolution |
RONO2 50 pptv 19 1 80°SZAequivalent 5
sz 00000 iR - 1 Sppbvor10%  300m
10 pptv L Trace Gas Columns (O,, NO,, C,HO 1 variable variable
i E— ki ik 1 0.01 15
variable 1 min 1 10 Mm?or10%  300m
10 pptv 1 min 1 3% 30m
NH3 30 pptv 1 min 1 3% 30m
L ppby IE > 03(03mb,1mst 13
10 pptv 1 min 3 1% s
3 5% 1s



DC-8 Measurement Requirements and Priorities

Gas Phase In Required
Priority Detection Limit Desired Resolution
Situ Resolution
1ls

_ 1 1 ppbv 5Hz Priorit Detection Required .
: o : Desired Res.

m 1 10 ppmv 1s 5 Hz Aerosol In Situ y Limit Resolution

: ! SRRl Ls > Hz Particle Number* 1 NA ls 5 Hz
FR 10 ppbv 1s 5 Hz e

Size Distribution (10 nm-5
1 50 pptv 1s 5 Hz ) 1 NA 10s 1s
EX 0.1 ppm 1s 5 Hz "
Volatility* 1 NA 1s 5 Hz
1 <10% 1 min (full suite) S

I 1 10 pptv 1s 5Hz Scattering Phase Function 1 3 Mm1 5s -
[COE S0 pot 15 st vgrosopiiey S S

CH,CN 1 10 pptv 1s 5 Hz Absorption* 1 0.2 Mm'! 10s -

HCN 2 10 pptv 1s - Brown Carbon Absorption 1 1 Mm-t per plume 30s

NH, 2 30 pptv Ls : Size-resolved Composition 1 100 ng m3 1s -
(Hono [P 50 pptv 1s - 3

Organic Acids 2 10 pptv 10's 1s 1 100 ngm 10s 1s
m 2 50 pptv 10s 1s Black Carbon 1 50 ng m3 1s 5 Hz
m 2 S0 pptv 10s 1s Bulk Composition 2 50 ng m3 per plume -

NOy 2 50 pptv ls 5Hz Singl e . 5 I di .
m > 50 pptv - o ingle particle Composition um dia. s -
(PANs | 2 50 pptv 10's 1s CCN/IN 2 <4 um dia. 1s -
m 2 =ik 10k 13 Cloud particle size dist.* 2 0.05-1000 pm 1s -
E 10 pptv 1s -
2 15 105 1s

OH, HO,, RO 2 0.01/0.1/0.1 pptv 30s 1s *Denotes measurements to be provided by NASA
3 Variable 1 min - facility instruments
N 1 ppbv 1s -




DC-8 Measurement Requirements and Priorities

Remote Sensing, Radiation, and Met Required Resolution
1

10 Mm? or 10% 300 m

Aerosol profiles of extinction*
Aerosol profiles of backscatter* 1 3% 30m

Aerosol profiles of depolarization* 1 3% 30m

High Resolution Met (T, P, winds)* 1 0.3K, 0.3 mb, 1 ms1? 10 Hz
UV spectral actinic flux (4m sr) 1 80° SZA equivalent 1s
Surface IR Imaging (FRP)* 2 - -

Ozone lidar (nadir/zenith)* 2 5 ppbv or 10% 300 m

Trace Gas Columns (0;,NO,,CH,0)* 2 Variable Variable

0.01 1s

w

Multi-spectral Optical Depth*

IR imaging?

*Denotes measurements to be provided by NASA facility instruments
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August 2016 ,
MODIS Terra and Aqua

the yellow range ring, thus enabling a minimum of 2 hours loiter time in an 8 hour flight. Right
Panel — Distribution of fire counts detected by MODIS in August 2016. Locations vary from
year-to-year, but activity in consistently weighted to the northwest and southeast U.S.




FIREChem challenges us to sample differently.
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FIREChem challenges us to sample differently.

—~
(0]
~

HCl (ppbv)  CO, (ppmv)

SO; (ppbv)

ba(532) (Mm )

Liu et al., JGR, 2011 Muller et al., ACP, 2016
800 - 20x10° _ )
700 —+ o L1538 30— | ' —
600 — CO; 10 ) —w— Acetonitrile
B ©
500 — | ¢ 2 25 L —— Furan |
400 77777 = Lo }! —*— Monoterpenes
6 _ - 500 —— |soprene
4] ! —~— HCl :ggg gg _20 I : 1
J —&— Chloride L 500 g % B !
a
15} 1
=
~ W
©
85 ~10¢ 4
] s
e Eaid oo ) 5| |
800 — —— b,,(532) - 0.8 :)-’.
600 — —— Radar Altitude [~ 9-6 o7
- 04 32 \
200 - P4 * - 02 g ; T RIS,
Oy ey 00 O 17:54:20 17:54:25 17:54:30
I I I
6:46:10 PM 6:46:20 PM 6:46:30 PM UTC-Time

9/23/13 UTC

1 Hz sampling of small fire over 5 seconds 10 hz sampling of small fire over 2 seconds



FIREChem seeks to inform integrated observing strategies.

Broad spatial coverage of smoke and

trace gas emissions and transport
Active-fire counts, Burned-Area Products,
Land Cover/Ecosystem Type,
Plume Height, Fire Radiative Power/Energy

Satellite Calibration and Validation

Retrieval/Algorithm Development

Model Error Evaluation ¢ : g
Data Assimilation
Comprehensive in-situ composition Improved Fire Emissions and
of trace gas and aerosol emissions their connection to fire properties Plume transport and chemical evolution

Process level observations of chemical
evolutionand transport

Lidar profiling of smoke plumes

Thermal imaging of fire intensity

A Downwind impacts and intersection with
population and anthropogenic emissions
Broad integrated impacts of fire activity

Fuel Characterization (Ecosystem, Structure,
Quantity, Moisture Content)

Fire Behavior, Burned Area

Fuel Sample Collection




FIREChem: working with out partners

1) Help with airspace coordination (active control), especially for fires under active control.
Obtaining permission, developing a plan for aircraft separation, etc.

2) Connection to ground conditions. Gathering information on what was burning, fuel loading,
duration, etc.

3) Prediction of small fire activity. Are there organized plans for burning? When are fires expected
to start? Where are conditions conducive to burning? Can GOES provide guidance or updates on

burning progress?

4) Advice on selection of fires to target. Which fire is likely to yield more information. Is it in an
area that is well characterized? Is it likely to persist?

Fire Impacts on Regional to Global Scales: NOI/Step1 Proposal Due Date
Emissions, Chemistry, Transport, and Models N/A 05/19/2017
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https://espo.nasa.gov/FIREChem_White Paper



